Objective The present study examined the role of maternal posttraumatic growth in changes in behavioral problems among the siblings of children with complex chronic health conditions. Methods Data were collected from a sample of 70 siblings from 58 families with at least one child diagnosed with a life-threatening genetic, metabolic, or neurological condition. Every 6 months for up to 4 years, sibling behavior problems were assessed through both parentreports and youth self-reports. At each visit, mothers also completed self-reports of posttraumatic growth. Results Time-lagged multilevel regression analyses revealed that higher levels of maternal posttraumatic growth predicted subsequent declines in parent-reported internalizing, externalizing, and total behavior problems among healthy siblings. These findings were partially replicated using youth self-reports of their own behavior problems. Conclusion The findings suggest that the benefits of posttraumatic growth may extend beyond the self to other family members, particularly to children in the family.
Siblings of children with life-threatening, noncurable genetic, metabolic, or neurological conditions (complex chronic conditions ; Feudtner, Feinstein, Zhong, Hall, & Dai, 2014; Spicer, Macdonald, Davies, Vadeboncoeur, & Siden, 2015) may experience challenges from having a severely ill child in the family (Haukeland, Fjermestad, Mossige, & Vatne, 2015) . These families typically anticipate an unknown trajectory and must live with great uncertainty (Siden et al., 2010; Steele et al., 2014) . They also devote considerable time and resources to caring for the ill child (Siden & Steele, 2015) . Relatively little is known about adjustment in these families and the degree to which the siblings may be affected.
Having a sibling with a chronic health condition represents a risk to children's psychological health and well-being, including anxiety, depression, posttraumatic stress symptoms, poorer quality of life, behavioral difficulties, and/or peer problems (Alderfer et al., 2010; O'Brien, Duffy, & Nicholl, 2009; Sharpe & Rossiter, 2002; Vermaes, van Susante, & van Bakel, 2012) . The findings of a recent meta-analysis suggest that siblings of children with chronic health conditions are at risk of poorer psychological functioning compared with their peers, particularly if the condition is highly intrusive or life-threatening (Vermaes et al., 2012) . The studies reviewed were largely crosssectional and the authors called for more longitudinal research to identify factors that protect these siblings from potential adverse outcomes. The present study addresses this limitation by following families over a period of up to 4 years to investigate potential protective factors associated with changes in sibling functioning over time.
Posttraumatic growth refers to positive changes experienced in the face of adversity (Tedeschi & Calhoun, 1996) . Tedeschi and Calhoun, among others (Affleck & Tennen, 1996; McMillen, 1999) , have described various aspects of growth in the face of adversity, including the experience of new possibilities, enhanced relationships, enhanced strength, increased appreciation of life, and spiritual change. Experiences of posttraumatic growth have been reported among caregivers of children with life-limiting illness , as well as other pediatric medical conditions, including cancer (Picoraro, Womer, & Kazak, 2014) . Although the impact of parents' mental health problems on their children has been widely studied (Amrock & Weitzman, 2014; Downey & Coyne, 1990; Goodman & Gotlib, 1999) , fewer studies have examined the effect of parental resilience factors on child outcomes (Cabaj, McDonald, & Tough, 2014; Patterson, 2002) . The focus of research on posttraumatic growth has been on individual factors associated with growth rather than on how the effects of growth experiences might spill over to other network members. Berger and Weiss (2008) have proposed a model of posttraumatic growth that extends to the entire family system. Despite this proposal, only a few studies have examined the impact of one family member's posttraumatic growth on other family members (Thornton & Perez, 2006; Weiss, 2004) .
The goal of the present study was to examine the potential protective effects of mothers' experiences of posttraumatic growth on adjustment among their children over time, particularly changes in behavior problems among the siblings of the chronically ill child. This may be one way in which mother's adjustment in the face of adversity affects the adjustment of her children. Psychological adjustment among children is frequently assessed in terms of behavior problems (Carter, Briggs-Gowan, & Davis, 2004) . For children and adolescents, stressful life experiences can manifest as both internalizing and externalizing behaviors (Compas, Connor-Smith, Saltzman, Thomsen, & Wadsworth, 2001; Kim, Conger, Elder, & Lorenz, 2003) ; therefore, we examined both types of behavior problems. A mother's experience of growth was expected to be associated with improvements in behavioral functioning of the siblings over time.
Methods
The methods described here are part of a larger study that was implemented to determine and document the experiences of families of children with progressive, noncurable genetic, metabolic, or neurological conditions over time (Siden et al., 2010) . Children and their families were followed for up to 4 years. Participants were enrolled from nine clinical sites (seven in Canada, two in the United States).
1 In addition to obtaining ethical approval from each of clinical study settings, ethical approval was also obtained from four universities at which the researchers were affiliated.
Recruitment
Families were recruited from July 2009 until October 2012, primarily through referrals from hospital clinics (49%) and hospice/palliative teams/services (43%). Initial eligibility was determined by a palliative care specialist and was based on the chronically ill child's condition. To be eligible, a family had to have a child with a health condition that met all of the following criteria. The health condition (1) was diagnosed by a physician as progressive and incurable, (2) is believed to have a genetic or metabolic cause, (3) manifests in neurological (CNS) impairment, (4) has no effective treatment available or treatment is failing for this particular patient, and (5) will likely result in the death of the child before the child reaches 20 years of age. Figure 1 illustrates the enrollment process. Of 385 families evaluated for eligibility in the larger study, 34 did not meet inclusion criteria, 59 declined further contact, and 34 could not be contacted, leaving 258 families who were enrolled. A total of 365 potentially eligible siblings were identified in 192 of the 258 families, but information was provided for only 304 siblings who were then evaluated based on sibling eligibility criteria. To be eligible to participate, the sibling had to be cognitively capable of participating, 2 understand English or French, and be aged 7-18 years. In all, 121 siblings met these eligibility criteria, 65 of 1 No significant mean differences in child behavior outcomes or maternal posttraumatic growth were detected across the nine recruitment sites or between the two countries. 2 All children were screened for health conditions. Parents were asked to report if any of their other children had medical conditions. Health conditions of participating siblings included asthma, allergies, hearing loss, mild visual impairment, and metabolic disorders that did not qualify for participation as a target child with CCC. Siblings with cognitive impairments such as severe autism were excluded from the study.
whom were enrolled in the study at baseline. An additional five siblings became eligible during the followup period, resulting in a total of 70 siblings from 58 families who were recruited into the study.
Data Collection
Siblings and parents completed the baseline questionnaires in-person (n ¼ 24) or by mail (n ¼ 34), and subsequently every 6 months by mail. Each member of a family was asked to complete the questionnaires individually. In an effort to protect confidentially, each participant was given an envelope for his or her own personal use. Then all the sealed smaller personal envelopes went into the larger "family" envelope that was returned to the research team. If the ill child died during the course of the study (n ¼ 8), the research team sent a sympathy card to the family and then did not make contact for a period of 6 months following the death to allow the family to grieve undisturbed. After the 6-month period, families were invited to resume follow-up assessments. Measures Child Behavior Problems Parents 3 completed the Child Behavior Checklist (CBCL) for each participating sibling in the family (Achenbach, 2001) . The 120-item behavior problems section of the CBCL generated scores on Internalizing Problems, Externalizing Problems, and Total Problems. Higher scores indicate greater behavioral problems. Youth (ages 11-18) are considered developmentally to be at a stage at which they are able to validly complete the youth self-report (YSR) form of the measure (Achenbach, 2001) for themselves. In these cases, we obtained youth-completed reports, in addition to the parent-completed CBCL. The internalizing problems (CBCL a ¼ .88; YSR a ¼ .92), externalizing problems (CBCL a ¼ .93; YSR a ¼ .87), and total problems (CBCL a ¼ .96; YSR a ¼ .96) scales of both measures showed good internal consistency across all observations in the current sample. Both raw scores and T-scores are presented for descriptive purposes, but following recommendations for use in statistical analyses, raw scores were used in all subsequent analyses (Achenbach, 2001 ).
Posttraumatic Growth
The Post Traumatic Growth Inventory (PTGI; Tedeschi & Calhoun, 1996) was used to assess growth among mothers. The 21 items of the PTGI are rated on a 6-point Likert scale that indicates the degree to which a change in the person's life has come about (a ¼ .91). Consistent with other applications in pediatric palliative care research , mothers were asked to rate the degree to which change had occurred in their lives as a result of the illness of their child. Although we limited our hypothesis to expectations regarding the protective role of overall PTGI scores in the development of sibling behavior problems over time, we examined the relationship between all PTGI subscales and changes in child behavior outcomes. There are five subscales in the PTGI that represent different forms of growth and showed good internal consistency in the current sample: Relating to Others (e.g., "I have a greater sense of closeness with others"; a ¼ .87), New Possibilities (e.g., "I established a new path for my life"; a ¼ .78), Personal Strength (e.g., "I know better that I can handle difficulties"; a ¼ .79), Spiritual Change (e.g., "I have a better understanding of spiritual matters"; a ¼ .81), and Appreciation of Life (e.g., "I have a greater appreciation for the value of my own life", a ¼ .65).
Demographic Information When they enrolled in the study, parents completed a demographics questionnaire that asked questions about their child's illness (e.g., child's diagnosis) and other family characteristics (e.g., total number of children, family income).
Data Analysis
To describe the characteristics of the participating families, preliminary analyses were conducted in SPSS version 22. Frequencies, means, standard deviations, and scale reliabilities of the measured variables were examined. To estimate the effect of maternal posttraumatic growth on changes in child behavior problems from one time point to the next, we conducted a series of lagged multilevel regression analyses using the lme4 package (Bates, Maechler, Bolker, & Walker, 2014) in R version 3.1.2 (R Core Team, 2014). The lmeTest package (Kuznetsova, Brockhoff, & Christensen, 2014) was used to test the significance of the regression coefficients. Multilevel regression analyses were used to account for the dependence of observations within families and within siblings over time. Given the relatively small sample size, only random intercepts were included in the model, and all slopes were modeled as fixed effects.
Child behavior problems at time point (t) were predicted from child behavior problems and maternal posttraumatic growth at the previous time point (t-1). Lags were based on the next available time point for that child in order to maximize inclusion of available data in analyses. The average length of time between consecutive time points was 6.15 months (SD ¼ 2.30). First, we examined the relationship between maternal posttraumatic growth (total score) and changes in the Total Problems score on the CBCL and YSR, respectively. Next, we explored whether the relationship between total posttraumatic growth and changes in behavior problems was specific to internalizing or externalizing problems, or whether maternal posttraumatic growth was associated with changes in both types of behavior problems. Then, we explored whether the specific facets of maternal posttraumatic growth (New Possibilities, Relating to Others, Personal Strength, Appreciation of Life, and Spiritual Change) were associated with changes in internalizing, externalizing, and total problems.
Results

Sample Description
Of the 58 families with a participating sibling, reports on either the CBCL or the YSR were available for 70 siblings for at least one time point. The demographic characteristics of these families and siblings are summarized in Table I . Means and standard deviations for child behavior outcomes and maternal posttraumatic growth are presented in Table II. On average, the level of child behavior problems in this sample was within the normal range; however, 5-15% of scores were within the clinical range (T-score > 63; Table II ). This is consistent with established norms for these measures (Achenbach, 2001) . Although there are no established cutoffs for the PTGI, the mean levels reported in this sample are consistent with the level of posttraumatic growth reported in similar samples of parent caregivers . Child behavior problems and maternal posttraumatic growth scores were unrelated to the number of time points at which questionnaires were completed.
Maternal Posttraumatic Growth and ParentReported Sibling Behavior Problems Regression analyses predicting changes in parentreported child behavior problems were based on cases where the CBCL was completed at two consecutive time points (n ¼ 179 pairs of observations, n ¼ 52 siblings, n ¼ 43 families). To examine the effect of maternal posttraumatic growth, the mother also had to have completed the PTGI at the earlier of the two time points; therefore, the final regression analyses were based on 173 observations from 50 siblings from 41 families. The relationships between maternal posttraumatic growth and changes in parent-reported CBCL scores are shown in Table III problems at the subsequent time point, but was not significantly associated with changes in internalizing problems (p > .10). The Personal Strength, Spiritual Change, and Appreciation of Life subscales of posttraumatic growth were not significantly associated with changes in parent-reported internalizing, externalizing, or total behavior problems (all ps > .05). A similar pattern of results was observed when the models were adjusted for sibling age 4 (Table III) .
Maternal Posttraumatic Growth and SiblingReported Behavior Problems
Of the 70 participating siblings, 42 were over the age of 11 and eligible to complete the YSR for at least one time point. There was a total of 149 time points when families completed a questionnaire package and a sibling aged 11 years or older was eligible to complete the YSR. Of these, 134 YSR reports were completed. Regression analyses predicting changes in siblingreported behavior problems were based on cases where the YSR was completed at two time points (n ¼ 88 pairs of observations, n ¼ 29 siblings, n ¼ 23 families). To examine the effect of maternal posttraumatic growth, the mother also had to have completed the PTGI at the earlier of the two time points; therefore, (Table IV) . Note. CBCL ¼ Child Behavior Problems Checklist; PTG ¼ posttraumatic growth. All models are adjusted for the CBCL outcome score at the previous time point (t-1). Models were based on 173 observations from 50 siblings from 41 families. Age-adjusted models control for sibling age at time point t. **p < .01; *p < .05; þp < .10. Note. CBCL ¼ Child Behavior Problems Checklist (parent report); YSR ¼ youth self-report of behavior problems; PTG ¼ posttraumatic growth. The grand means reported here are based on all individuals across all time points.
Discussion
Our findings suggest that, among families with a child diagnosed with a complex chronic health condition, mothers' experiences of posttraumatic growth are associated with the functioning of their healthy children. Mothers who reported greater total posttraumatic growth had children with decreased parent-reported behavior problems over time. This effect was not limited to either externalizing or internalizing problems. Rather, overall maternal posttraumatic growth was associated with reductions in internalizing problems, externalizing problems, and behavior problems in general.
In most of the families in our study, mothers completed both the measures of posttraumatic growth and child behavior problems; therefore, common method variance should be considered as a plausible alternative interpretation for these findings. It is possible that this association is a result of a mother's perceptions of changes in her child, without any real changes in child behavior. Previous research has found that a mother's mental health has a substantial effect on her reports of behavior problems among her children (Najman et al., 2000) . To address this potential confound by examining data not subject to this shared method variance, we examined the relationship between maternal posttraumatic growth and children's self-reported behavior problems among a subsample of youth old enough to reliably self-report: those aged 11 years and older. Although we did not find a significant relationship between total maternal posttraumatic growth scores and self-reported child behavior problems, specific dimensions of posttraumatic growth were associated with changes in self-reported behavior problems. Mothers' reports of growth in terms of relationships with others were associated with reduced child behavior problems assessed using both parent reports and youth selfreports. Our findings suggest that growth in terms of relationships with others may be a key dimension that is likely to have crossover effects on other family members. Relationship-focused coping has been identified as an important part of coping with stress, such that successful coping involves maintaining relationships during stressful periods and coping in ways that consider the responses of involved others (Revenson & DeLongis, 2010; Stephenson, King, & DeLongis, 2016) . By focusing on their important social relationships, mothers may protect their healthy children from the potential negative effects of living with a child with a complex chronic condition. Although the measure of posttraumatic growth we used asked about growth in terms of relationships in general, it is possible that it captures a mother's experiences of growth in her relationships with her healthy children. Previous research on siblings of children with a chronic illness or disability has found better behavioral functioning in siblings who felt supported by their parents (Incledon et al., 2015; Williams et al., 2002 Williams et al., , 2010 . Another possibility is that mother's perceptions of growth in terms of relationships with others captured some information about her perceptions of practical and emotional support, which in turn may have benefited the siblings in these families. Note. YSR ¼ youth self-report; PTG ¼ posttraumatic growth. All models are adjusted for the YSR outcome score at the previous time point (t-1). Models were based on 82 observations from 27 siblings from 21 families. Age-adjusted models control for sibling age at time point t. **p < .01; *p < .05; þp < .10.
Graczyk, O'Hare, & Neuman, 2000; Repetti, Taylor, & Seeman, 2002) . The current study focused on mothers' experiences of growth, but the siblings themselves may have also experienced growth from having a child with a complex chronic condition in the family. Indeed, the experience of posttraumatic stress and growth may involve the entire family system (Berger & Weiss, 2008) . There is evidence that siblings of children with chronic health conditions also experience increased empathy and maturity, resilience in the face of adversity, and personal growth (Alderfer et al., 2010; Brennan, Hugh-Jones, & Aldridge, 2013; Wilkins & Woodgate, 2005; Williams et al., 2010) . Future research is needed to explore the relationship between experiences of posttraumatic growth within parent-child dyads and to identify what factors might facilitate this growth. Recent research with parents of children with life-limiting illnesses, which included children with complex chronic conditions, found that meaning in caregiving was central to the experience of growth in the parents . It is possible that the factors that contribute to the creation of meaning in mothers also contribute to the creation of meaning for their healthy children. The extent to which close relationships with others might facilitate this process is an area of potential future exploration.
Despite the strengths afforded by our longitudinal design and the inclusion of both parent and sibling reports, it is worth noting some important limitations of this study. The final sample size was relatively small, despite recruitment involving collaboration with multiple clinical sites, partly because the life-threatening, noncurable genetic, metabolic, or neurological conditions of interest in this study are relatively rare. Efforts were made to recruit as many siblings as possible, but the extent to which the families who agreed to participate are representative of the entire clinical population is unknown. We focused on mothers' experiences of posttraumatic growth, but the experiences of fathers or other caregivers may also have been important and may not be equivalent. The analyses involving specific facets of posttraumatic growth were exploratory and should be interpreted with caution. The small sample size may have limited our ability to detect small effect sizes. Future research with larger samples is needed to demonstrate the robustness of these findings. Although our analysis focused on the association between maternal posttraumatic growth and changes in child behavior problems, the association is likely bidirectional. Future research could investigate the role of child behavior problems in contributing to changes in maternal posttraumatic growth.
Our findings support the value of intervention research and policy recommendations that emphasize the importance of close relationships and urge clinicians to consider outcomes for all members of the family system (American Academy of Pediatrics, 2003; Kazak, 2006; Martire, Lustig, Schulz, Miller, & Helgeson, 2004) . Our findings suggest that enhanced relationships with close others may be an important part of a mother's adjustment to having a child with a complex chronic condition. Further research is needed to demonstrate the extent to which interventions that foster posttraumatic growth among parents may benefit the broader family system. Research on existing treatments for child behavior problems in families coping with severe or traumatic stress may be enhanced if mothers' experiences of posttraumatic stress and growth are taken into consideration.
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